Two measurement systems, one being comprised of three HPGe detectors and the other being a 4π measurement system of the assembly of 10 sets of scintillation detectors, were compared for their measurement performance in operations of radioactive waste drum radioactivity measurement and clearance and release operation of decommissioning. The system features of the former were high costs, capable of identifying radionuclides, a measurement time of about 1000 sec. The system features of the latter were high sensibility, capable of identifying hotspots, a measurement time of about 100 sec. Various comparisons were made for the differences of the two systems on reference drums, whole-drum homogeneous and non-homogeneous metal drums and non-metal drums, whole-drums of different filling rates. The aim was to compare the differences of the two measurement systems in measuring radioactivity of critical radionuclides of 137 Cs, 54 Mn and 60 Co.
Introduction
For nuclear facilities decommissioning, HPGe detectors and highly sensible scintillation detectors which are capable of identifying energies and usually placed inside lead shields are used to measure the very low radioactivity (IAEA ≤ 0.1 Bq/g) of radioactive waste for clearance operations. The Institute of Nuclear Energy Research (INER) established two gamma radioactivity measurement systems which were respectively comprised of three HPGe detectors and 10 sets of scintillation detectors (4πmeasurement system) [1] [2] . The main critical radionuclides measured by the two systems are 137 Cs, 54 Mn and 60
Co. These two systems passed comparison programs on radioactive waste radioactivity measurements organized in Taiwan in 2009 and 2015 [3] [4] . The aim of this article is to discuss the difference of radioactivity analyses in various scenarios containing reference drums with homogeneous radioactivity distribution, waste drums with radioactivity similar to non-metal drums with homogeneous radioactivity distribution and metal drums with non-homogeneous radioactivity distribution, different filling ratios of whole-drum materials by using these two measurement systems.
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Materials and Methods
Two measurement systems, one being comprised of three HPGe detectors (Canberra Q2) and the other being a 4π measurement system of the assembly of 10 sets of scintillation detectors (INER SWAM2) are illustrated as Figure 1 . These two measurement systems were put to use under the assumption of using drums of homogeneous distribution, simulation of point radioactive source theory calculation and establishment of multiple-density reference drums to come out with counting efficiencies as given in Figure 2 . The HPGe detectors measurement system and the scintillation detectors measurement system had respective standard combined uncertainties of 9% and 7%. For the uncertainty evaluation of radioactivity measurement, decommissioning wastes were measured following the guideline from ISO. The performance differences of both measurement systems were listed in Table 1 .
In this article, the concerned critical radionuclides were 137 Cs, 60 Co and 54
Mn. These sources used were traceable to the national radiation standards with a standard uncertainty of less than 1%. These critical radionuclides were used to make 40 cm diameter large-area source slice and1.5 cm diameter 60 cm long rod-shaped liquid Co and 54 Mn of water solution test drum and 16 source rods of concrete test drum were constructed with a homogeneous radioactivity distribution. Five metal test drums were made for different radiation hotspots positions on the upper, middle and lower horizontal levels of the iron plate of the drum, on the vertical center and on the tilting side with non-homogeneous radioactivity distribution. Three kinds of non-metal drums of different materials (resin, plastics, carbon) with homogeneous radioactivity distribution, 20 drums of aluminum plate with non-homogeneous radioactivity distribution, 16 drums of concrete with homogeneous radioactivity distribution and four drums with different filling ratios of plastic matrix were constructed. The homogeneity of radioactivity distribution was the ratio of the maximum cps from the individual scintillation detector to the average cps of all the scintillation detectors. The homogeneity of the water solution of the 10 detectors was lower than 1.5.
Result and Discussions
Five simulations of 55 gallon drums with source distribution under different geometrical conditions were performed to compare the measurement results of these two measurement systems for the radioactivities of critical radionuclides of 137 Cs, 54 Mn and 60 Co as the following: Reference drum The reference drums used were traceable to the national radiation standards. Two types of reference drums containing water solution were constructed, one being made with a single radionuclide, the other being made with mixed radionuclides of 137 Cs, 54 Mn and 60 Co. The measurement results of the two measurement systems are given in the Table 2. The maximum difference among the reference drums using single radionuclides and mixed radionuclides were 19%and 20%, respectively.
Hot-spot test
The measurement results of the metal drum of non-homogeneous radioactivity distribution are given in the Figure 3 when the hot-spot lies in the upper, middle and lower levels of the horizontal axial or lies in the center or tilting part of the vertical axial of the whole drum. It showed that the radioactivity differences of the five hotspot positions of the scintillation detectors were larger than those of the HPGe detectors. The4πmeasurement system can identify the locations of the hotspots. However, the total radioactivity measurement of this system is obtained by adding up all the radioactivity results of every detector. It lacks of the weighting factors of individual detector for radioactivity corrections. In addition, both systems have their largest difference in the measurement results as the hotspots lying in the vertical axial center in the drums with non-homogenous distribution. Since the hotspots of 137 Cs and 60 Co are farthest away from the detectors, the self-absorption effect will also be the maximum. Non-metal drums of homogeneous distribution For the non-metal drums of homogeneous radioactivity distribution made of plastics, concrete, resin and carbon whose radioactivity in carbon was about 10E7, the measurement results of the two systems are given in Figure 4 . When compared with the measurement average values obtained by the HPGe detectors for the fournon-metal drums with homogeneous radioactivity distribution, the differences of these two measurement systems are all less than 12%. One thing noteworthy is that the differences obtained by the HPGe detectors for high radioactivity carbon in 60 Co were about 33% and the differences obtained by the scintillation detectors for concrete radionuclides were about 26% in 137 Cs.In addition, based on the measurement of HPGe system, the comparison of measurement results of 137 Cs between two systems was given in Figure 5 , the differences were about −8.7% to −16.3%.
Metal drums of non-homogeneous distribution
For the clearance measurement operation of decommissioning in nuclear research institutes, the judgment of the compliance of the low radioactivity waste with the IAEA clearance standards (≤0.1 Bq/g) were carried out. Sampling twenty metal drums of non-homogeneous distribution containing aluminum waste were measured for the residualradioactivity. Comparison of measurement difference between two systems is given in Figure 6 . The maximum difference in 137 Cs was 0.2% -39%. The measurement results of the five of the 20 drums were lower than the MDA value and the measurement values obtained by the HPGe detectors were about 0.002 Bq/g.
Filling ratio of drum matrix
Test drums with the same density of plastic matrix ofwhole-drum and respective filling ratios of 25%, 50%, 75% and 100% were prepared. In the above drums, large-area reference area sources were evenly placed inside. The differences of both systems in measurement radioactivities are given in Figure 7 . When the matrix filling ratio was higher than 75%, the radioactivity differences of the critical radionuclides of 137 Cs, 54 Mn and 60 Co were less than 20%. When the matrix filling ratios were between 25% and 50%, there were few radionuclides whose differences were higher than 20% for critical radionuclides. 
